Aim Intraspecific variation in patch occupancy often is related to physical features of a landscape, such as the amount and distribution of habitat. However, communities occupying patchy environments typically exhibit non-random distributions in which local assemblages of species-poor patches are nested subsets of assemblages occupying more species-rich patches. Nestedness of local communities implies interspecific differences in sensitivity to patchiness. Several hypotheses have been proposed to explain interspecific variation in responses to patchiness within a community, including differences in (1) colonization ability, (2) extinction proneness, (3) tolerance to disturbance, (4) sociality and (5) level of adaptation to prevailing environmental conditions. We used data on North American mammals to compare the performance of these ÔecologicalÕ hypotheses and the Ôphysical landscapeÕ hypothesis. We then compared the best of these models against models that scaled landscape structure to ecologically relevant attributes of individual species.
Main conclusions Stochasticity dominated the systems we studied, indicating that random events are probably quite important in shaping local communities. With respect to deterministic factors, our results suggest that forces affecting species prevalence and occupancy may differ between insular and terrestrial systems. Physical features of insular systems appeared to swamp ecological differences among species in determining prevalence and occupancy, whereas species with broad niches were disproportionately represented in terrestrial networks. We hypothesize that differential extinction over long time periods in highly variable networks has driven nestedness of mammalian communities on islands, whereas differential colonization over shorter time-scales in more homogeneous networks probably governed the local structure of terrestrial communities. Our results also demonstrate that integration of a species' ecological traits with physical features of a patch network is superior to reliance on either factor separately when attempting to predict the species' probability of patch occupancy in terrestrial systems.
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INT RODUCTION
Most landscapes are patchy, inasmuch as localities vary in terms of their suitability as habitat for a species. The ecological literature is replete with examples documenting individual and population-level responses to resource heterogeneity (e.g. McGlynn et al., 2002) . When heterogeneity is extreme, resource patches occur as discrete entities surrounded by areas that are unsuitable for long-term persistence. Examples of such extreme patchiness include insular systems, or networks of remnant terrestrial habitat patches embedded in human-dominated landscapes of agricultural or urban areas. Field studies have documented numerous patchy landscapes in which species differ, sometimes dramatically, in their responses to resource heterogeneity (Andrén, 1994; Laurance, 1995; Bender et al., 1998; Knutson et al., 1999) . These interspecific differences can lead to a structured gradient of local community assemblages across a landscape, as the species most sensitive to patchiness disappear from all but the largest or most well-connected patches and the least sensitive species occur ubiquitously. Such a non-random ordering of local assemblages has been termed nestedness (Patterson, 1984; Patterson & Atmar, 1986) .
Nestedness is a common feature of metacommunities and tends to occur when (1) patches in a network are comparable in terms of structural and habitat features, (2) species share a similar biogeographical history, and (3) species form an ordered hierarchy in terms of ecological factors that influence incidence (Patterson & Brown, 1991; Wright et al., 1998) . In this paper, we examine hypotheses to explain the formation of nested assemblages of North American mammals. We then evaluate integrated hypotheses for the formation of nestedness that permit interspecific differences in perceptions of patchiness to be combined with physical attributes of a patchy system. Phenomenological models of patchy systems (MacArthur & Wilson, 1967; Levins, 1969) have focused on colonization and extinction dynamics of local populations. The temporal scale over which populations are tracked can have important implications for interpreting dynamics. For long-lived species with low turnover rates, long time-lags following the formation of a patchy network may be needed to approach equilibrial conditions of occupancy (Tilman et al., 1994; Nagelkerke et al., 2002) . If observations of such systems occur after shorter lag periods, occupancy patterns may be inflated above equilibrial levels because records of occurrence will be made for local populations doomed to eventual extinction, thus yielding overly optimistic assessments of a species' likelihood of persistence in the network (Ter Braak et al., 1998; Clinchy et al., 2002) . In this paper, we explore the effect of time since formation of patch networks on species prevalence and occupancy.
The original phenomenological models and their derivatives predict that a species' sensitivity to extreme resource patchiness generally is related to its ability to persist locally and to recolonize patches by moving across a landscape (Hanski, 1998; Etienne & Heesterbeek, 2001; Vos et al., 2001) . Morphological, ecological and behavioural attributes should thus interact with abiotic landscape attributes to determine the viability of populations inhabiting patchy environments (Hanski & Ovaskainen, 2000; Vos et al., 2001 ), which in turn influences the structure of communities (Belant & Van Stappen, 2002; . Below, we provide an overview of hypotheses linking species attributes with their sensitivities to extreme resource patchiness. We then compare the hypotheses using presenceabsence data on 137 species of mammals collected from twenty patch networks in North America. Finally, we ask whether our understanding of variation in responses to resource patchiness can be improved by scaling the physical features of a landscape with ecologically relevant attributes affecting a species' colonization and extinction rates.
The models that we have tested do not comprise an exhaustive list, but instead were chosen based on prior theoretical and empirical work suggesting their importance (Anderson et al., 2000) . In describing the hypotheses, we begin with a ÔnullÕ model, proceed to a model focusing exclusively on the physical environment, and then outline a series of ecological models that highlight particular species attributes. We recognize that partial overlap is possible in some of the ecological models but believe that they differ sufficiently to warrant separate consideration.
Null model: phylogenetic effects
Variation in responses to patchiness may in part be due to evolutionary constraints imposed by phylogeny. Closely related species are likely to be more similar phenotypically and in terms of ecology and life history than distantly related species, as a consequence of niche conservatism, phylogenetic time-lags, and shared constraints on adaptive responses (Harvey & Pagel, 1991) . Thus, consideration of the variation attributable to phylogeny is a necessary condition for examining factors that explain variation independent of these phylogenetic effects. Our null model predicts that closely related taxa should exhibit more similar patterns of occupancy and prevalence than more distantly related taxa. Thus, we used phylogenetic effects as a baseline from which models of physical and ecological factors could be compared.
Physical model: area and isolation
Landscape ecologists have focused considerable effort on describing the complex physical structure of landscapes, with a goal of summarizing the patchiness embodied by an arrangement of spatial elements into statistics that have ecological significance (e.g. Gustafson & Parker, 1992; Schumaker, 1996; Tischendorf & Fahrig, 2000a,b; Urban & Keitt, 2001) . Numerous empirical studies have documented the importance of two attributes, patch area and patch isolation, as determinants of species occupancy (e.g. Dunning et al., 1995; Rosenzweig, 1995; Hanski, 1998) . Support for the importance of patch area is not altogether surprising, because extinction of local populations can be influenced dramatically by stochasticity. This is especially true when populations are small (Berger, 1990) . In addition, immigration to patches often can be modelled as a distancedependent phenomenon (Hanski, 1998) . The physical model thus predicts that occupancy and prevalence should be positively related to patch area and negatively related to patch isolation. Additionally, increased variation in the range of patch area and isolation within a network should result in increased nestedness of communities compared with other networks (Wright et al., 1998) .
Ecological model 1: proximity to range edge
A species' abundance often declines spatially from the core to the periphery of its range (Brown, 1984; . This pattern emerges because core areas of a range presumably contain more suitable habitat in terms of niche requirements and more suitable abiotic conditions for the species' survival, resulting in lower turnover rates (Enquist et al., 1995; Brown et al., 1996; Pulliam, 2000) . The rangeboundary hypothesis thus predicts that prevalence and occupancy levels will be lower for a species near the edge of its geographical range.
Ecological model 2: colonization ability
Species perceptions of resource patchiness can differ in at least two fundamental ways, depending on variation in responses to (1) the amount and (2) the distribution of habitable sites. The colonization model focuses on the latter issue and hypothesizes that the distance a species can disperse is a critical determinant of its ability to colonize other patches. Dispersal distance is related to home-range size (Bowman et al., 2002) , which in turn is responsive to energetic and morphological constraints on body size, locomotion (e.g. quadrupedal, gliding, volant), or substrate use (e.g. aquatic, semi-aquatic, terrestrial) (Eisenberg, 1981; Kelt & Van Vuren, 1999 , 2001 Lynam & Billick, 1999 ). The colonization model thus predicts greater prevalence and occupancy levels for species with well-developed dispersal capabilities.
Ecological model 3: extinction proneness
The extinction model focuses on interspecific differences in responses to the area available for occupancy by a population. For a given patch area, a greater population density is associated with a reduced risk of local extinction due to stochastic effects (Berger, 1990) . Conversely, larger-bodied species are thought to exhibit greater population stability because they are better able to withstand environmental bottlenecks (see Belovsky, 1987; Goodman, 1987) . The extinction model thus predicts that prevalence and occupancy should increase with population density and body size.
Ecological model 4: niche breadth
If local patches exhibit variation in resource composition, species capable of exploiting multiple resource types are less likely to be absent from any single patch. Conversely, specialists probably will be absent from patches lacking the habitat (or prey) upon which they depend. In terrestrial systems, human disturbances often result in reversion of portions of the landscape to earlier successional stages, or creation of a structurally simplified matrix separating patches of native habitat. A generalist is probably more capable than a specialist of using the human-created matrix as an alternative habitat and extracting some resources from it (Andrén, 1994; Laurance, 1995; Sarre et al., 1995; Gascon et al., 1999; Bentley et al., 2000; Laurance et al., 2002) . This should be especially true of species that use early successional habitats, as evolution in these habitats favours species with larger dispersal rates or dispersal ranges (Comins et al., 1980; Hanski, 1999) . Finally, species that are dietary generalists should be less negatively affected by resource patchiness resulting from habitat fragmentation than dietary specialists, because they will be less susceptible to increased variation in the availability of native food resulting from habitat loss (Swihart & Nupp, 1998; Swihart et al., 2001) . The niche-breadth hypothesis thus predicts that a species with the ability to use a broad array of habitats and food types should be less adversely affected by resource patchiness than a more stenotypic species.
Ecological model 5: degree of sociality Sociality or gregariousness may impose limits on colonization rates or on the size of a patch that can support a viable population, because social groups rather than solitary individuals are instrumental to population growth (Smith & Peacock, 1990; Ray et al., 1991; Tyutyunov et al., 1996; Minchinton, 1997; Courchamp et al., 1999; Lawes et al., 2000) . Wolff (1999) hypothesized that behavioural attributes, including sociality, may be important determinants of a species' colonization ability in fragmented landscapes. The sociality hypothesis thus predicts that highly social species should be negatively affected by habitat fragmentation, due principally to area effects that limit the carrying capacity of a patch. The result, then, is a lower threshold on sizes of patches that can be colonized.
Joint models: ecological scaling of patchiness
The importance of physical features of patch networks to a population's persistence has theoretical (Levin, 1992; Durrett & Levin, 1994) and empirical (Debinski & Holt, 2000) support. Moreover, it seems intuitive that the scale at which resource patchiness operates is dependent upon species perceptions and responses to a patch network. Ecologically scaled landscape indices (ESLIs) (Vos et al., 2001) combine physical features of a patch network with ecologically relevant characteristics of species that reflect the scales at which they respond to that network. In this paper, we evaluated the performance of the ESLIs of Vos et al. (2001) , which combine physical metrics with individual area requirements and dispersal ability. We also evaluated ESLIs that were modified to incorporate the effects of niche breadth and habitat suitability, as described below.
MET HODS
We collected data on prevalence and occupancy of nonvolant mammals from twenty patch networks across North America (Table 1) . For each species, we recorded occupancy Lawlor (1983 Lawlor ( , 1986 20 McCabe & Cowan (1945); Foster (1965) ; Redfield (1976); Lawlor (1986) . *Occurrence data were provided for two sets of species by Crowell (1986) , with some species sampled at all twenty-four islands and others at only the eight largest islands. as a binary variable and prevalence as the proportion of patches in a network that were occupied. Seven of the data sets were used by Wright et al. (1998) in their analysis of nestedness. We conducted a literature search to augment these with more recent studies and with networks not included in their analysis. Eleven studies were conducted on patch networks in which the intervening matrix consisted of terrestrial vegetation. The remaining studies were of island networks.
Physical features of networks
For each patch in a network, we recorded the patch area (km 2 ) and distance to its nearest neighbouring patch (km). Summary statistics for each network included median patch area, median distance to nearest neighbour, and the ratios minimum patch area : maximum patch area as well as minimum nearest neighbour distance : maximum nearest neighbour distance. We also recorded the types of habitat occurring on each patch, or for an entire network if patchspecific information was lacking.
Derivation of ecological descriptor variables
For each species considered in the studies from Table 1 , ecological attributes were summarized from a variety of literature sources (Appendix). Whenever possible, sources were used from regions in close proximity to patch networks. When multiple sources were available for an attribute, weighted averages were computed based on sample sizes. If data were unavailable for a species, values were imputed from the species most closely related to it, which probably exaggerate phylogenetic effects.
Proximity to range edge
Data for testing the range-edge hypothesis were generated from a geographical information system. We digitized range maps from Hall (1981) for each species. A digitized map of the geographical localities of the patch networks was then superimposed on each species range map. For each species recorded in a patch network, we computed the distance from the centroid of the species' range to (1) the patch network and (2) the range edge closest to the focal network. The ratio of these two measures was used to quantify proximity to a range boundary; a value of zero characterized a network falling near the centre of the species' range, whereas a value of 1 characterized a network occurring on the edge of the species' range.
Colonization ability
Two types of variables were used in conjunction with the colonization model. Indicator variables were used to designate six categories related to mode of locomotion: fossorial, gliding, semi-fossorial, semi-arboreal, semi-aquatic and terrestrial. Additionally, data on maximum dispersal distance (d max in km) were available for forty-four of the 137 species in our study . These data were used to establish a nonlinear predictive equation relating d max to published and unpublished data on home-range area (HR in km 2 , Appendix). The model producing the best fit was 
Extinction proneness
Body size was indexed using data on adult body mass (kg), averaged between the sexes. Local population density (individuals km )2 ) was taken from studies reporting density directly, or from studies for which estimates could be derived from data on individuals captured and area sampled.
Niche breadth
Individuals of widespread species should have broader tolerances for environmental conditions than individuals of restricted species . In one sense this may seem obvious, because widespread species encounter a broader array of environmental conditions across their ranges. However, a species' niche breadth may reflect geographical differences among populations, with relatively little variation in niche breadth evident within populations. Thus, it is important to assess the degree to which niche breadth, measured across a species' geographical range, corresponds to a single population's ability to cope with habitat alteration. We estimated niche breadth along two dimensions, habitat and diet. Although comparison of resource use with resource availability is desirable when assessing niche breadth (e.g. Manly et al., 1993) , data on availability seldom are reported. Consequently, we relied only on used resources in our computations.
Each species was assigned a dietary breadth rating on a scale of 1-5. Species receiving a rank of 1 were considered extreme specialists that feed only on one or a few taxa within a dietary class. Species receiving a rank of 2 were specialists, restricted to a single dietary class but feeding on several taxa within that class. Species assigned a rank of 3 were facultative specialists that usually feed on items from a single dietary class but rarely would feed on other dietary classes. Species assigned a rank of 4 were generalists and differed from facultative specialists in commonly feeding on dietary classes other than the predominant class. Species receiving a rank of 5 were considered extreme generalists that feed opportunistically on foods of more than one dietary class.
In a similar fashion, each species was assigned a habitat breadth score on a scale of 1-15, with 15 representing the greatest variety of habitats used. The fifteen habitat classes considered in assigning scores for habitat breadth were temperate deciduous forest, temperate coniferous forest, temperate mixed deciduous-coniferous forest, temperate grassland, temperate savanna, temperate shrub-scrub, wetlands, Mediterranean shrub, Mediterranean savanna, xeric shrub-scrub, xeric desert, taiga, tundra, tropical moist broadleaf forest, and tropical dry broadleaf forest (Ricketts et al., 1999) .
A single niche-breadth variable with a mean of zero and a standard deviation of 1 was derived as
where Z H and Z D are standardized (zero mean, unit variance) variables for the dietary and habitat breadth scores, respectively, and the denominator is the standard deviation of the sum of these variables.
In an attempt to provide a crude summary of niche breadth, we also categorized each species in terms of (1) whether it was omnivorous and (2) whether its habitat requirements matched the availability of a particular patch (or patch network). The former variable was a binary indicator variable, whereas the latter variable, labelled h, was estimated on an interval scale 0-1, with 0 representing the absence of suitable habitat and 1 representing ample suitable habitat. For networks lacking information regarding the habitat of specific patches, a single value of h was used for all patches in the network. These two variables, together with Z HþD , formed the basis for assessing the niche-breadth model.
Degree of sociality
Sociality was indexed on a scale of 0-4. Species received a rating of 0 if they were asocial and exhibited no male care of offspring. Species were assigned a rating of 1 if they exhibited rudimentary sociality (e.g. huddling, overlap of home ranges) but no male care. Species received a rating of 2 if they formed matrilineal groups or other kin groups but no male care. A rating of 3 was assigned to monogamous species in which males provided some care of offspring. Finally, a rating of 4 was assigned to species consisting of communal groups and in which cooperative foraging and offspring care had been documented. Sociality clearly is a phenotypically flexible trait (Swihart, 1992; Revilla & Palomares, 2002) ; thus, when multiple sources reported different social structures, we used the study that was closest to the focal network(s). Otherwise, ratings from the different studies were averaged.
Ecological scaling of patchiness
We used two methods to scale patch networks according to ecological attributes of species. Metapopulation theory provided the basis for both approaches. The incidence of a species in a patch, P, is given by P ¼ C/(C þ E), where C and E are colonization and extinction rates, respectively (Hanski, 1994) . The viability of a metapopulation is determined by the ratio C/E, which for many species are isolation-dependent (C) and area-dependent (E) processes; thus, ecological scaling of patchiness addressed these two critical parameters.
The first method was developed by Vos et al. (2001) . They linked landscape structural features with ecologically relevant measures of a species' sensitivity to isolation and area effects by defining the carrying capacity (2) and connectivity (3) of patch i:
In equation 2, A i is the area of patch i and IAR i is the area in patch i required by one reproductive unit of a species. In equation 3, d ij is the distance between focal patch i and another patch j, and 1/a is the mean dispersal distance for the species. Limitations on the data available to us necessitated the following changes to the indices of Vos et al. (2001) . We substituted local population density, D, for IAR À1 i when calculating ESLI K i . For ESLI C i we restricted our attention to the nearest neighbouring patch rather than all other patches in the network. Also, because we had more data on maximum dispersal distances than on mean (or median) distances, we calculated the dispersal parameter such that it occurred at the 0.999 quantile of the negative exponential distribution; i.e. a ¼ ) ln(0.001)/d max . We used observed values of d max when available, and values predicted from equation 1 for all other species. An alternative approach to calculating the dispersal parameter using the median (d med ) would have resulted in a ¼ )ln(0.5)/d med . For the thirteen species of mammals in our data set with both median and maximum dispersal distances, the values of a were highly correlated (r ¼ 0.97, P < 0.001) and comparable in magnitude (paired t ¼ 0.58, P ¼ 0.57).
The ecological scaling of patches developed by Vos et al. (2001) does not explicitly address variation in quality of patches or factors unrelated to distance that could affect connectivity. Our second method of scaling patchiness addressed these issues by defining a modified carrying capacity (4) and connectivity (5) for patch i:
Patch carrying capacity was modified to include a variable, h i , representing the quality of the patch in terms of meeting the habitat needs of the focal species. The variable h i was scaled from 0 to 1, such that carrying capacity was 0 if the patch contained no suitable habitat for the focal species, and equalled the original index of Vos et al. (2001) when h i ¼ 1. Patch connectivity was modified via the dispersal parameter. We reasoned that estimates of dispersal distance might be improved by considering the ease with which individuals of a species might traverse or extract resources from the matrix separating patches. For terrestrial networks of patches, species with broad niches probably find areas between patches less hostile than species with narrow, specialized resource requirements. For terrestrial patch networks, we therefore modified equation 1 to include a linear relationship with standardized niche breadth, NB z , yielding 
Statistical analysis
The forces structuring insular and terrestrial networks may be quite different, in part because of the different timescales over which patchiness typically operates in the two situations (Hubbell, 2001 ). In addition, true islands have discrete boundaries and are surrounded by uninhabitable matrix, whereas edges of terrestrial patches often are less distinct and the intervening matrix can exhibit varying levels of habitability. Because of these differences, we tested our hypotheses separately for insular and terrestrial networks. Multiple linear regression was used with data on prevalence, and multiple logistic regression was used with data on patch occupancy. Before analyses, logarithmic transformations were performed on patch area, nearestneighbour distance, body size, dispersal distance, population density, and ESLIs. Prevalence data were subjected to a variance-stabilizing arcsine-square root transformation (Draper & Smith, 1998) . Methods for comparing models are described below.
To remove covariation in responses that were due to phylogenetic similarity, we constructed a set of nineteen phylogenetic indicator variables, five for ordinal contrasts and fourteen for contrasts of families within orders (Harvey & Pagel, 1991, p. 130) . For analysis of prevalence, we conducted a multiple regression against the phylogenetic variables to remove phylogenetic effects. Subsequently, regression models were constructed using the residuals from the phylogeny regression to test hypotheses. For analysis of occupancy, we included phylogenetic indicator variables in all logistic models. We also included indicator variables for patch networks to remove variability caused by differences among networks in the number of patches.
Akaike's information criterion (AIC) links the information lost because of reliance on an approximating model to the method of maximum likelihood (Burnham & Anderson, 1998) . The model with a minimum AIC among a candidate set of models is judged as the ÔbestÕ model, in the sense of maximizing model likelihood in a parsimonious manner. We compared our hypotheses using AIC corrected for sample size, AIC c (Burnham & Anderson, 1998; Anderson et al., 2000) . To easily assess evidence for the alternative models, we rescaled the AIC c values by subtracting from each the minimum AIC c . The resulting values, D i , were scaled such that D i ¼ 0 for the model with minimum AIC c . Rules of thumb provided by Burnham & Anderson (1998, p. 123) suggest that models with D i £ 7 probably will contain the actual best model from a candidate set in 95% of all samples. For models with D i > 10, this is strong evidence that the model is not competitive as the best model. Results for all models were presented following the suggestions of Anderson & Burnham (2002) . After the models with greatest support had been selected using AIC c , we estimated their parameters and goodness-of-fit.
RESULTS
Terrestrial and insular networks did not differ in average median area or nearest-neighbour distance (P > 0.35 for both t tests). Mean (AESE) ratios of minimum and maximum patch areas were smaller for insular systems (0.005 AE 0.001) than for terrestrial networks (0.012 AE 0.002) (t ¼ 2.88, d.f. ¼ 264, P ¼ 0.004). Similarly, mean ratios of minimum and maximum nearest-neighbour distances were smaller for insular systems (0.41 AE 0.03) than for terrestrial networks (0.66 AE 0.06) (t ¼ 3.80, d.f. ¼ 248, P < 0.001). Within terrestrial networks, montane networks and networks of woodland remnants differed significantly (P £ 0.002 for all tests), with montane networks exhibiting larger patches, greater nearest-neighbour distances, and greater variation in patch area and isolation.
Species prevalence in patch networks
Species occupying terrestrial networks exhibited a greater mean level of prevalence (0.40 AE 0.02) than species occupying insular systems (0.27 AE 0.02) (t ¼ 3.85, d.f. ¼ 332, P < 0.001). Likewise, mean prevalence of species occupying forest remnants in agricultural landscapes (0.48 AE 0.04) was greater than for species in montane regions (0.35 AE 0.03) (t ¼ 2.37, d.f. ¼ 104, P ¼ 0.02).
For insular systems, ordinal and familial effects accounted for 14.8% of the variation in prevalence (F ¼ 1.46, d.f. ¼ 17, 142, P ¼ 0.12). For terrestrial systems, 17.8% of the variation in prevalence (F ¼ 2.47, d.f. ¼ 14, 174, P ¼ 0.003) was explained by phylogeny at the order and family level. Subsequent model comparisons were made using residuals from these regressions.
Comparison of the ecological models with the physical model produced contrasting results for the two systems. For insular systems, the model receiving the greatest support (i.e. lowest AIC c ) was the physical model, with ecological models highly unlikely to be the best model in the set (Table 2) . For terrestrial networks, the niche-breadth model received the greatest support, with a modest likelihood that range edge also could be the best model. The physical model was highly unlikely to be the best model for terrestrial networks ( Table 2 ).
The fitted model for physical features of insular systems accounted for 6.7% of the residual variation in prevalence (F ¼ 2.79, d.f. ¼ 4, 159, P ¼ 0.03), after removing phylogenetic effects. Of the four explanatory variables included in the fitted model, only the coefficient for the ratio of minimum : maximum island area was significantly different from zero (t ¼ 2.13, P ¼ 0.03). The coefficient was positive, indicating an increase in prevalence with a smaller range of island areas within an insular system. For terrestrial networks, the fitted model for niche breadth explained 11.5% of the residual variation (F ¼ 7.37, d.f. ¼ 3, 171, P < 0.001). Two of the three explanatory variables in the fitted model differed significantly from zero; Z HþD (t ¼ 2.55, P ¼ 0.01) and h (t ¼ 3.70, P < 0.001) were both positively associated with prevalence. The fitted model for range boundary explained 8.5% of the residual variation (F ¼ 16.08, d.f. ¼ 1, 173, P < 0.001), revealing that species prevalence declined in patch networks nearer the range periphery.
Species occupancy of patches
For both insular and terrestrial systems, the physical model received greater support than any of the five ecological models. For insular systems, no ecological model was deemed remotely likely to be the best model, with values of D i > 300 (Table 3) . For terrestrial networks, the nichebreadth model received a modest amount of support (Table 3 ).
The physical model yielded a reasonable fit when applied to occupancy data from islands (Nagelkerke's R 2 ¼ 0.26, Hosmer and Lemeshow goodness-of-fit v 2 ¼ 11.94, d.f. ¼ 8, P ¼ 0.15). The model correctly classified 80.7% of 4598 cases. It also reduced the rate of type II error, i.e. misclassification of an occupied island as unoccupied, by 21.9% compared with the model containing only phylogeny and study site variables. Estimated coefficients indicated that probability of occupancy increased with island area (z ¼ 17.35, P < 0.001) and declined with distance to nearest-neighbouring islands (z ¼ )3.07, P ¼ 0.002). Results for terrestrial patches were similar. Fit of the physical model was reasonable (Nagelkerke' Table 2 Results of model selection for prevalence of non-volant mammals on patch networks, based on least squares regression. Separate analyses were conducted for insular systems and terrestrial patch networks. Akaike weights (w i ) are given as a means of comparing the relative likelihoods of the competing models; the weights are normalized to sum to 1 (Burnham & Anderson, 1998) site model. Predicted probability of occupancy increased with patch area (z ¼ 13.23, P < 0.001) and declined with distance to the nearest neighbouring patch (z ¼ )2.44, P ¼ 0.02). The fit for the model of niche breadth was poor (Nagelkerke's R 2 ¼ 0.24, Hosmer and Lemeshow goodnessof-fit v 2 ¼ 31.11, d.f. ¼ 8, P < 0.001), although all three explanatory variables (h,Z HþD , omnivory) displayed a significant positive association with probability of occupancy (P < 0.001 in all cases).
Ecological scaling of patchiness
For insular systems, neither the ESLIs of Vos et al. (2001, see equations 2 and 3) nor our modifications to incorporate habitat suitability and ability to disperse across an aquatic medium improved on the performance of the more parsimonious physical model (Table 4) . It is possible, but not probable, that the modified ESLI model could be the best of this candidate set (D i ¼ 5.2). Interestingly, post-hoc fitting of island occupancy data to the niche-based definition of ESLI Ã Ci used for terrestrial networks (equations 5 and 6) resulted in a model AIC c value 29 units less than the value for the model containing only physical features, indicating a superior model (Table 4) . A different story emerged for mammals occupying terrestrial networks. Although the ESLI model of Vos et al. (2001) offered no improvement on the physical model, the modified ESLI model (equations 4 and 5) received much greater support than the physical model (Table 4) .
The fit of the modified ESLI model to data on island occupancy was reasonable (Nagelkerke's R 2 ¼ 0.26, Hosmer and Lemeshow goodness-of-fit v 2 ¼ 11.37, d.f. ¼ 8, P ¼ 0.18) and indicated that probability of occupancy was positively associated with ESLI Ã Ki (z ¼ 17.13, P < 0.001) and ESLI Ã Ci (z ¼ 3.00, P ¼ 0.002). A 21.4% reduction in type II error was evident for the model relative to the phylogeny study site model, and 81.1% of cases were classified correctly. The fit of the post-hoc model also was good (Nagelkerke's R 2 ¼ 0.27, Hosmer and Lemeshow goodnessof-fit v 2 ¼ 11.75, d.f. ¼ 8, P ¼ 0.17) and indicated that probability of occupancy was positively associated with ESLI Ã Ki (z ¼ 17.68, P < 0.001) and ESLI Ã Ci (z ¼ 6.59, P < 0.001). A 21.9% reduction in type II error was evident for the model relative to the phylogeny study site model, and 81.2% of cases were classified correctly. The fit of the modified ESLI model was also acceptable for data on terrestrial patch occupancy (Nagelkerke's R 2 ¼ 0.26, Hosmer and Lemeshow goodness-of-fit v 2 ¼ 12.78, d.f. ¼ 8, P ¼ 0.12), and 72% of cases were classified correctly. Notably, a reduction in type II error of 28.7% was observed, the largest reduction for any model. As with island data, probability of patch occupancy was positively associated with ESLI Ã Ki (z ¼ 13.93, P < 0.001) and ESLI Ã Ci (z ¼ 6.23, P < 0.001).
D IS C USS IO N Patterns of prevalence and occupancy
On average, insular systems were more sparsely occupied by mammals than were more recently formed montane networks, which were more sparsely occupied than woodlot remnants formed during the last two centuries. Faunal relaxation resulting from stochastic extinction events could have contributed to this pattern. Unfortunately, isolation time covaried with physical features of the networks in our study. Thus, it is impossible to disentangle the effect on prevalence of time since formation and variation in patch area or isolation. In all likelihood, the effects of this covariation in temporal and spatial scales have acted together to produce the patterns of prevalence we observed. Likewise, our results suggest that if two networks are comparable in mean patch size and isolation but differ in their ratios of minimum : maximum patch area and isolation, the network with greater variation in patch size and isolation will be subjected to greater extinction and lower colonization rates. Thus, populations occupying insular systems, which are characterized by longer timespans since formation and greater variation in patch size and isolation than terrestrial networks, presumably have suffered from faunal relaxation accentuated by variation in the physical landscape. Less severe faunal relaxation appears to have contributed to the lower prevalence on mountaintops relative to forest remnants in farmland.
Prevalence of mammal species was most closely linked to physical features of insular systems, which is reasonable if long time periods enhance the effects of catastrophes and environmental stochasticity on persistence (Lande, 1993) . Table 4 Results of model selection for probability of occupancy of non-volant mammals on individual patches, based on logistic regression. Separate analyses were conducted for islands and terrestrial patches. The models with the lowest AIC c scores from Table 3 were compared with models containing ESLI (equations 2 and 3, with modifications described in text) and ESLI* (equations 4 and 5). Akaike weights (w i ) are defined in Table 2 . L refers to the maximized likelihood for the model after inclusion of phylogenetic and study site effects, given the data (Burnham & Anderson, 1998) 
Model
)2log e (L) Number of parameters AIC c D i Post-hoc modelling effort; not used in selection procedure (Anderson & Burnham, 2002) .
Interestingly, variation in island area was the sole significant predictor of prevalence. This result suggests that extinction is of greater importance than colonization in determining the structure of insular communities, and that variation in island area is important in the absence of any effect of average island size. In contrast, prevalence of mammal species on terrestrial networks was not associated with physical features. Rather, ecological attributes associated with niche breadth and levels of adaptation to local conditions received the greatest support (Table 2) . A separate analysis of thirty-two species of amphibians and mammals in an agricultural landscape revealed a similar pattern . We believe the strength of these correlates with prevalence is tied principally to their influence on dispersal ability. Generalists presumably view the areas separating patches of preferred habitat as less hostile, and hence are more likely to travel through these areas than are specialists. Indeed, the success of generalists in human-altered landscapes has been tied to their ability to travel through or extract resources from the human matrix that separates native habitat remnants (Laurance, 1991; Andrén, 1994; Laurance et al., 2002) . In contrast, specialists appear sensitive to structural and compositional differences between preferred habitat and matrix habitat (Lomolino & Perault, 2001 ). Our measures of niche breadth were derived from studies conducted across a species' geographical range and thus lend support to the notion that broad-scale measures of niche breadth are useful indicators of a single population's ability to respond to resource heterogeneity. Close proximity of a species to its geographical range boundary had a negative influence on prevalence, as predicted if core areas of a range are more suitable for occupancy and lead to lower turnover rates (Enquist et al., 1995; Pulliam, 2000) . The lower prevalence of species near range boundaries has important implications for conservation, especially in areas subjected to human disturbance (Channell & Lomolino, 2000) . Recovery plans that do not account for geographical effects on occupancy may fail if efforts are focused on populations that are responding principally to adaptive regimes at a geographical scale rather than local disturbances. Our results for mammals support the notion that selection of a core reserve network based on minimum complementary sets of species will be inadequate if several species are represented in marginal or peripheral areas of their ranges (Gaston et al., 2001) .
For both insular and terrestrial networks, probability of occupancy was linked more closely to patch area and isolation than to ecological factors. Thus, results from our single-factor models supported the ties between extinctioncolonization dynamics and area-isolation attributes assumed by classical island biogeography and metapopulation paradigms (MacArthur & Wilson, 1967; Hanski, 1994) .
Ecological scaling of patchiness
Can the distributional patterns in our study be explained more readily by models that unite physical features of patch networks with ecological attributes of species? For terrestrial networks the answer is unequivocally ÔyesÕ. The evidence is less convincing for insular systems, although it is possible that the ESLI model modified by species abilities to travel through water or over ice was superior to the physical model (Table 4) . We did not attempt to differentiate species by swimming or rafting ability, attributes which may be tied to colonization ability in insular systems. We do not have an explanation for the superior fit of the post-hoc model incorporating the modified connectivity of equations 5 and 6, although it is possible that home-range size or niche breadth are related generally to travel across inhospitable environments, including water.
In constructing a species-based model of insular zoogeography that was conceptually similar to the ESLIs of Vos et al. (2001 ) Lomolino (2000 noted that the validity of comparisons among networks relies on an ability to account for differences in the intervening matrix and in carrying capacities. By combining physical landscape features with ecological measures of area sensitivity (individual resource requirements and availability) and isolation sensitivity (dispersal ability mediated by niche breadth), we obtained models with greater predictive ability than the models relying solely on physical features. Specifically, species with large resource requirements or poor matches to available habitat occupied correspondingly larger patches than species with more modest resource requirements or good matches to available habitat. Likewise, mobile species with broad niches were more likely to occupy isolated patches than less mobile specialists. Our analysis thus provides additional evidence that ESLIs are superior in many instances to traditional landscape indices when the objective is predicting species occupancy (Vos et al., 2001; Opdam et al., 2002; Swihart & Verboom, 2003) .
The role of stochasticity
Our results support and extend the conclusions of studies on fewer networks and species; namely, that patterns of prevalence and occupancy in insular communities can result from non-random variation in ecological traits among species (Lomolino, 2000; Vos et al., 2001; Swihart & Verboom, 2003) . However, stochasticity appears to play a dominant role in shaping these communities. Although the regression models best describing prevalence and occupancy provided reasonable fits to the data for both insular and terrestrial systems, the majority of variation in these response variables remained unexplained.
The residual variation in our models can be partitioned into two origins, natural and methodological. Addressing the former, Hubbell (2001) suggested that stochastic events are largely responsible for patterns of species prevalence and occupancy in meta and local communities. He argued that ecological drift and random dispersal were key processes governing species richness across taxa and scales, and that niche differentiation among species yielded individuals that were equivalent in per capita fitness. This ecological equivalence results from constraints imposed by universal scaling laws and trade-offs in life-history invariants, and serves to equalize relative fitness between species. Thus, ecological drift may override species-specific attributes in dictating patterns of species abundance in communities. Recent analyses of birds do not support the notion that ecological drift is more powerful than non-random mechanisms is shaping communities (McGill, 2003) .
Several methodological issues could potentially explain some of the residual variation in our models. First, the variable sampling methods used during surveys can influence the probability of detecting a species in a patch. An important challenge awaiting future biogeographical studies is to incorporate methods of correcting for site and species differences in detection uncertainty (MacKenzie et al., 2002) . Secondly, the level of phylogenetic differentiation used in our contrasts was coarse. Subfamily, tribal and generic affinities were not included in the analysis but could be important in explaining variation in patterns of occupancy or prevalence. Thirdly, no attempt was made to incorporate nonlinearities in the variables for describing the effects of a species' position within its geographical range. Theoretical models of niche shifts as a function of spatial position within a range (e.g. Pulliam, 2000) could be used to incorporate predicted nonlinear responses. Fourthly, interspecific interactions can be strong determinants of community structure at local levels and thus may explain a species' absence in suitable patches or presence in poorly suited patches (e.g. Hanski & Zhang, 1993; Swihart et al., 2001) . Many biogeographical analyses, including ours, suffer from an inability to adequately assess the role of interspecific interactions in shaping patterns of occupancy. Potential competing species covaried positively on patches in our study, rather than negatively as expected (Diamond, 1975; Lomolino, 2000) . We could not examine patterns of covariation for predatorprey dyads, as most studies forming our data base focused exclusively on one trophic group. A more accurate determination of the role of stochastic events relative to deterministic factors will require improved specification of species-based models, including a consideration of interspecific interactions.
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Appendix Biological attributes for species of North American mammals used in occupancy and prevalence analyses. Scientific names follow Wilson & Reeder (1993 
